PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
WOKLU IN iclo- |men)ational Bureail 



Al 



(51) International Patent Classification 6 : 

C08J 5/18, B32B 15/08, B29C 43^2 // 
C08L 67:04, 77:12 

(21) International Application Number: PCT/US96/ 17059 

(22) international Filing Date: 24 October 1996 (24.10.96) 



INTBRNATTONA^PP^^ 

29 May 1997 (29.05.97) 



(11) International Publication Number: 
(43) International Publication Date: 



(30) Priority Data: 

08/561,966 



22 November 1995 (22.11.95) US 



. *. wapphCT CELANESE CORPORATION 

(7 " AP ftT/US] : rJESS. ££to. NJ 08876-1258 (US). 

cm Inventors: ,LONG, Barbara, J.; 408 Bowen Street, Linden, NJ 
(72 ) Inventors, u ^ ,7* JLjta Cunnmghm 

E Greer, SC 29651 (US) ™°™- S £\£; 
,06 Sturbridge Drive. Greenville, SC 29615 US . LEE, 
Cherylyn; 3 Thom Place. Fanwood, NJ 07023 (Ui). 

f7« Aeents: GENOVA, John, M.; Hoechst Celanese Corporation. 
m g 86 Morris Avenue, Summit, NJ 07901 (US) et al. 



(81) Designated State: JP. 



Published 

Willi international search report. 



(54) Title: LIQUID CRYSTAL POLYMER FILMS 




(57) Abstract 



abstract 

Liquid crystal polymer nUns and film laminates . prepared by subjecting ; tajj ^tSSS^ S*"52S «n!bU a 
SSTiS !*Sn more suitable as dielectric film layers in cireu.t boani constractton. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Armenia 


GB 


United Kingdom 


MW 


Malawi 


AT 


Austria 


GK 


Georgia 


MX 


Mexico 


AU 


Australia. 


GN 


Games 


NR 


Niger 


BB 


Barbados 


GR 


Greece 


NL 


Netherlands 


BE 


Belgium 


UU 


Hungary 


NO 


Norway 


BF 


Burkina Fuo 


IE 


Ireland 


NZ 


New Zealand 


BG 


Bulgaria 


IT 


Italy 


FL 


Poland 


BJ 


Benin 


JP 


Japan 


FT 


Portugal 


BR 


Brazil 


KE 


Kenya 


RO 


Romania 


BV 


Belarus 


KG 


Kyrgystan 


RU 


Russian Federation 


CA 


Canada 


KP 


Democratic People's Republic 


SD 


Sudan 


CF 


Central African Republic 




of Korea 


SB 


Sweden 


CG 


Congo 


KR 


Republic of Korea 


SG 


Singapore 


CH 


Switzerland 


KZ 


Kazakhstan 


SI 


Slovenia 


CI 


Cote d'lvolre 


LI 


MechiHKlein 


SK 


Slovakia 


CM 


Cameroon 


LK 


Sri Lanka 


SN 


Senegal 


CN 


China 


Ltt 


Liberia 


sz 


Swaziland 


cs 


Czechoslovakia 


LT 


Lithuania 


TO 


Chad 


CZ 


Czech Republic 


LU 


Luxembourg 


TG 


Togo 


DE 


Germany 


LV 


Latvia 


TJ 


Tajikistan 


DK 


Denmark 


MC 


Monaco 


TT 


Trinidad and Tobago 


EE 


Eitonia 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


UC 


Uganda 


Ft 


Finland 


ML 


Mali 


US 


United States of America 


FR 


France 


MN 


Mongolia 


uz 


Uzbekistan 


GA 


Gabon 


MR 


Mauritania 


VN 


Viet Nam 



•WO 97/19127 



PCT/US96/17059 



LIQUID CRYSTAL POLYMER FILMS 



Fi^lfl nf invention 

The invention relates to the field of polymer films, 
5 particularly liquid crystalline polymer (LCP) films. 

ppf^-ripi-inn rrf F 0 " 1 at- - pd Art 

A variety of thermotropic liquid crystal polymers and 
films made therefrom are known in the art. For example, 
U.S. Pat. No. 4,161,470 discloses a polyester of 6- 
hydroxy-2 -naphthoic acid and p-hydroxy benzoic acid 
capable of undergoing melt processing. U.S. Pat. No. 
4,184,966 discloses melt processible, thermotropic, 
wholly aromatic polyesters, and U.S. Pat. No. 4,279,803 
discloses a polyester of phenyl -4 -hydroxybenzoic and 4- 
hydroxybenzoic acid and/or 6 -hydroxy- 2 -naphthoic acid.' 



10 



15 



20 



Liquid crystalline polymer film or sheet has a number of 
well-known applications, including some that involve a 
lamination process. Examples include tape winding 
composite structures, cross lamination to provide 
balanced mechanical properties or thick structures, metal 
lamination for circuits, or lamination of 
circuit/dielectric layers for multilayer circuit boards. 

Due to the particular molecular structure of thermotropic 
liquid crystal polymers, LCP film can be molecularly 

25 oriented in the melt phase, uniaxially, biaxially, or 
otherwise. After the extruded LCP cools and solidifies, 
•the molecular orientation is maintained, resulting in a 
film which may have anisotropic properties, such as 
enhanced mechanical properties in the direction (s) of 

30 orientation, e.g., high strength and stiffness. 
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The conventional technique for producing oriented LCP 
film involves introducing polymer pellets into a melt 
extruder and melt extruding a sheet of film which is 
drawn in the machine direction to produce monoaxially 
5 oriented film. Biaxially oriented film is prepared by 
casting a molten sheet of the polymer onto a casting drum 
and then stretching (orientating) the cast sheet in a 
tenter frame apparatus in the longitudinal' (machine) 
direction and in the lateral (transverse) direction to 
10 produce biaxially oriented isotropic film. A tubular 
film inflation process can also be used to produce such 
film. 



Film produced by such methods is perfectly suitable for 
most applications such as packaging or tape applications. 
15 However, in other applications such as where the film is 
used as a dielectric layer or wiring module board in the 
construction of multi- layer circuit boards, it is 
necessary that the film be as uniformly dimensionally 
stable as possible. 

20 Oriented film can exhibit shape changes, shrinking, 
curling, and other distortions when heated in accordance 
with circuit board fabrication techniques. This 
distortion is caused primarily as the result of an 
imbalance of tensile modulus, tensile strength, tensile 

25 elongation, shrinkage and expansion properties as a 
function of the direction of film orientation. The 
resulting film distortion can adversely affect the 
integrity of t he printed circuit board and can lead to 
circuit failure or lamination failure between adjacent 
30 laminated surfaces. In addition, LCP film produced by 
conventional extrusion methods can have a number of 
defects such as holes, gels, black specks, gauge 
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variability and the like which can detract from the 
dielectric properties of the film in Circuit board 
applications . 

One technique for improving the mechanical property 
5 balance in film material made from polyphenylene sulfide 
polymers, as disclosed in U.S. Patent 4,389,453, is to 
incorporate chopped glass fibers into the polymer prior 
to extrusion or press molding the composition into a 
composite sheet material suited for circuit board 
10 construction. Such sheets may also be formed by heat 
compressing a woven glass mat with a film of the polymer 
or heat compressing a glass mat containing the polymer in 
powdery, particulate form. 

Another technique addressing heat distortion problems is 
15 to prepare uniaxially oriented LCP film and subsequently 
thermally laminate a plurality of such films together 
with their axes of orientation aligned in different 
directions in an attempt to balance out the mechanical 
properties of the laminated structure, as disclosed in 
20 U.S. Patent 4,384,016. 

However, these and other methods involve additional 
processing steps which add to the cost of such films and 
leave open the possibility of processing errors. 

fiWIM&T?V O F 1 THE INVENTION 

25 The present invention provides process for producing a 
continuous liquid crystal polymer film material having 
balanced dimensional stability comprising: (a) uniformly 
spreading a layer of powder particles of said polymer on 
a flat surface, said particles having an average particle 
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size in the range of about 0.5 to about 250 microns; (b) 
superimposing a second flat surface over said uniformly 
spread particles to form a sandwich structure; (c) 
subjecting said sandwich structure to uniform heat and 
5 pressure sufficient to form a nematic melt phase of said 
polymer; and (d) cooling said structure to form a" liquid 
crystalline film. 

The films produced according to the process of the 
invention demonstrate an improved balance of tensile 

10 strength, tensile modulus and tensile elongation 
properties as well as a balanced coefficient of thermal 
expansion compared with conventional films made by 
extrusion and mono- or biaxial orientation processes. 
These balanced properties render the film less 

15 susceptible to heat distortion when used as insulating 
dielectric layers in the construction of microelectronic 
circuit boards . 

ftpT-Eiv nssraT PTTnrc of thk DRAWINGS. 

Fig, 1 is a graph depicting tensile modulus balance for 
20 films prepared from powder polymer vs other films as 
shown in Table 1. 

Pig. 2 is a graph depicting tensile strength balance for 
films prepared from powder polymer vs other films as also 
shown' in Table 1. 

" 25 Fig. 3 is a graph depicting coefficient of thermal 
expansion (CTE) values for films prepared from powder 
polymer vs other films as shown in Table 2. 

Fig. 4 is a graph depicting CTE values for 2 and 4 mil 
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double sided, copper foil laminated film, as shown in 
Table 2. 

Fig. 5 is a graph depicting dimensional stability values 
for 2 mil double sided, copper foil laminated film after 
5 baking the film, as shown in Table 3. 

PI TTA TT i F l P reign? tptton OF THE TNVRNTIQN 

The liquid crystalline polymers (LCP) used in the present 
invention are preferably thermoplastic polyester polymers 
containing rigid mesogenic linkages. These polymers 
10 generally have crystalline melting points in the range of 
from about 250°C to 375°C, more preferably from about 
270°C to 355°C. Suitable polymers which may be used as 
polymer components in the production of films include 
polyesters comprising monomer units derived from 4- 

15 hydroxybenzoic acid and 6-hydroxy-2-naphthoic acid; a 
polyester comprising monomer units derived from 6- 
hydroxy-2-naphthoic acid, terephthalic acid, and 
acetaminophen; and a polyester comprising monomer units 
derived from 4 -hydroxybenzoic acid, terephthalic acid and 

20 4 , 4 1 -biphenol . 

Particularly preferred polyesters and polyester- amides 
are those available from Hoechst Celanese Corporation 
under the trademark VECTRA® . These include VECTRA® A 
polyester, VECTRA® C polyester, VECTRA® E polyester, and 
25 VECTRA® B polyester-amide. 

It is" also within the scope of the present invention to 
use liquid crystal polymers other than the VECTRA® 
polyesters described above. Generally, any such polymers 
that can be consolidated under heat and pressure to form 
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a nematic LCP melt may be used in practicing this 
invention. Examples of such liquid crystal polymers 
include, but are not limited to XYDAR® LCP (a polyester 
made by Amoco Co.) comprising units derived from HBA, TA, 
5 4, 4 1 -biphenyl, DuPont's Zenite LCP, as well as other 
mesogenic group- containing LCP's. 

The polymers are processed in the present process in the 
form of particles having an average particle size of 
about 0.5 to 250 microns, more preferably from about 0.5 
10 to 5 microns . 

A liquid crystal polymer can be polymerized in a 
dispersion process which provides the product in powder 
form. In this process the polymer is prepared in the 
form of a fine dispersion in a liquid medium. The 
15 polymer dispersion is created by heating the monomers 
with a catalyst in the liquid under high shear mixing, 
and the resulting polymer particles are stabilized by an 
agent that coats the surface of the particle to prevent 
particles from coalescing. The monomers may be soluble 

2 0 in the liquid medium, but complete solubility is not 

required. A variety of liquids or dispersion stabilizing 
agents that are sufficiently stable under the 
polymerization conditions may be used to prepare a liquid 
crystal polymer powder. The polymer powder must be 
25 separated from the liquid and washed to remove residual 
liquid. The dry powder is free flowing and the particles 
are generally uniform spherical particles. The particle 
size distribution depends on the dispersion conditions. 
Mechanical grinding of a liquid crystal polymer prepared 

3 0 in a conventional bulk melt polymerization does not 

produce the same free flowing powder form. 
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Films are produced by uniformly spreading or spraying the 
polymer powder on a flat surface which may be release 
film such as a silicone or polyimide film or a conductive 
metallic non-release film such as copper, aluminum or 
5 silver foil, preferably copper foil. The particles 
should be spread as evenly and uniformly as possible 
using a spreader such as the edge of a coarse wire mesh 
screen. The quantity and thickness of powder applied to 
the support should be sufficient such that the films 
10 produced after thermal consolidation have a thickness of 
from about 0.25 to 10 mils, more preferably from about 1 
to 5 mils . 

in the next step, a second flat surface is superimposed 
over the uniformly spread particles supported on the 
15 first flat surface to form a sandwich structure. This 
second surface may also be a release film or metal foil. 
Both flat surfaces may be release films or metal foils or 
one may be a release film and the other a metal foil. 



20 



In the next step, the sandwich structure is subjected to 
uniform heat and pressure sufficient to form a nematic 
melt of the polymer sandwiched between the outer sheets 
or foils, followed by cooling the film. This may be 
accomplished by placing the structure in a conventional 
laminating press having heated platens or, more 
25 preferably, by inserting the structure between a pair of 
heated moving double belts which compress, consolidate 
and heat the powder sufficiently to form a nematic melt. 
In general, the sandwich structure is heated to a 
temperature in the range of from about 2S°C below the 
30 melting point of the polymer being processed to about 
50°C above such melting point. The most preferred 
heating temperature is from about the melting point up to 
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about 15 to 35°C above the melting point of the polymer 
being processed. Pressures in the processing zone may 
range from about 50 to 600 psi, more preferably from 
about 400-500 psi. Residence time in the processing zone 
5 may range from about 0.25 to 5 minutes, preferably from 
about 1 to 1.5 minutes. 

The double belt press used to produce the film and 
laminate in the preferred embodiment has two steel belts 
each traveling around a pair of rotating drums. The belt 

10 surfaces travel parallel to one another and in close 
proximity to form the processing section. A constant 
pressure is maintained on the sample by pressurized oil 
behind each belt. The belts are heated by the inlet 
drums, and further heated by four heating zones which 

15 transfer heat to the belt and ultimately to the product. 
Next, the material passes through two cooling zones 
before exiting the processing station. The length of the 
processing section is 2.5 m and the width of the belts is 
1.4 m. 

20 The temperature of the inlet drum, heating zones, and " 
cooling zones should be such that the product is raised 
to the proper temperature long enough for complete 
consolidation. Before exiting, it should be cooled to a 
temperature below the softening point, at which flexing 

25 will not result in permanent deformation. The inlet drum 
is set to a temperature between ambient and consolidation 
temperature, but most preferably at 220°C or below in 
order to avoid oxidation and discoloring of copper foil 
while it is exposed to the atmosphere in case a laminate 

30 is being produced. The first heating zone is controlled 
at a temperature between that of the inlet drum and the 
consolidation temperature, preferably about 10°C below 
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• the melt temperature to insure that the material is well 
into the pressurized area before melting. The second, 
third, and fourth heating zones are, set at the 
consolidation temperature. As stated above, this 

5- temperature is preferably between 25°C below the melt 
point of the material being processed to 50°C above the 
melt point, but most preferably is about 25°C above the 
melt temperature. The first cooling zone should begin 
reducing the product temperature to a point at least 10°C 

10 below its melting point. The second cooling zone 
determines the exit temperature of the product, which 
should be below 220°C if copper laminate is being 
produced. Further, this temperature should be low enough 
that any flexing does not result in permanent deformation 

15 of the final product. The pressure in the processing 
zone can be between about 50 psi to 600 psi, but 
preferably should be about 450 psi. The belt, speed can 
be set to give a residence time in the processing zone of 
0.25 to 5 minutes but preferably 1.2 minutes for 2 mm 

20 thick belts. The belt speed is limited by the capacity of 
the cooling zones to bring the belts down to the desired 
exit temperature. 

The cooled L.CP film is then recovered by peeling away the 
non-adherent release layer (s) . Where one or both layers 

25 are metallic layers, these will remain adhered to the 
film and serve as etching layers for the . f ormatxon of 
electrical .circuit patterns on one or both surfaces of 
the film by techniques well known in the art. These 
metallic layers may also be subsequently applied to the 

30 film surface by known methods such as foil lamination or 
vapor deposition techniques. In general, the thickness 
of these metallic layers may range from about 0.25 to 6 
mils, more preferably from 1.5 to 5.4 mils. 
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Multilayer microelectronic circuit boards may be. 
fabricated by stacking and laminating a plurality of 
circuit layers containing wiring and/or drilled 
conductive vias present on the LCP sheets of the 
5 invention. The circuit layer sheets are stacked in 
appropriate electrical registration and thermally 
compressed, during which process the thermoplastic 
properties of the sheets, or any adhesive which may be 
applied between adjacent sheets, cause the sheets to bond 
10 together to provide a multilayer printed circuit board of 
mechanical integrity. 

The production of film and laminates from LCP powder 
represents a streamlined manufacturing process which 
eliminates the need to extrude film, and results in a 

15 film having an improved balance of mechanical properties 
and lower coefficient of thermal expansion than extruded 
or axially oriented film. These enhanced properties 
translate into reduced tendency for the film to crack or 
distort when subjected to conditions encountered during 

20 the fabrication of printed circuit boards, e.g. reduced 
cracking around plated through holes (vias) and reduced 
potential for disruption of wiring circuitry. 

The following examples are illustrative of the invention. 
The polymer used in the following experiments, from which 
25 the referenced powder and film products were made, was a 
polyester comprising about 73 mole % of monomer units 
derived from 4-hydroxybenzoic acid and about 27 mole % of 
monomer units derived from 6-hydroxy-2-naphthoic acid, 
and having a melting point of about 280-282°C. 



30 Preparation of polymer powder is illustrated in Example 
l. 
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W**MPT.T8 1 

Polymer polymerization was done in a 4 liter 2-piece 
cylindrical^ shaped flask fitted with a stirrer, 
nitrogen inlet, vigreux column with trap, and 
thermocouple. One or two stainless steel agitators (high 
shear radial flow impeller) were attached to the 
stainless steel stirring rod. A condenser was attached 
to the vigreux column. At the end of the condenser was 
an elbow which extended into a graduated cylinder, the 
receiving vessel . 



20 



25 



Materials ( supplier) 



Weight 



Monomers 


4-hydroxybenzoic acid {Ueno) 
6-hydroxy-2-naphthoic acid 
(Ueno) 


604.4 
304.6 


Dispersing Agent 


Bentone 38 (Rheox) 

Propylene carbonate (Aldrich) 


23-, 2 
6. 4 


Liquid Medium 


Mineral oil, Kaydol (Ruger) 


1161 


Acetylatinq Agent 


Acetic anhydride 


631.6* 


Catalyst 


Potassium acetate (120 ppm K+ 
based on polymer) 


0.24* 



The amount of acetic anhydride is corrected for 
purity based on the lot analysis and an excess of 
2.5% is added. 

The monomers and catalyst were added to the flask which 
was placed in the sandbath. The flask was purged with 
nitrogen, overnight for convenience. The dispersing 
medium was prepared by mixing Bentone 38 and 500 g of 
mineral oil in an explosion proof laboratory blender 
(Waring) for about 5 minutes. Propylene carbonate was 
added and mixing was continued for about 2 more minutes . 
The viscous mixture was then added to the flask 
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containing the monomers while purging with nitrogen. The 
remaining mineral oil was added to the blender and mixed 
for about 2 more minutes before adding it to the flask. 
The acetic anhydride was used to rinse the blender and 
5 added to the flask. The temperature program and stirrer 
(150 rpm) were started. 

A Micricon programmer was used to control the 
temperature. The reaction flask was heated from room 
temperature to a final temperature 30 0-340°C over a 

10 period of about 4 hours, under nitrogen, while stirring. 
The heating profile is described below. The mixture was 
heated at about l°/min. for the first two hours. Acetic 
acid by-product begins to distill from the flask when the 
temperature reaches about 150°C. The heating rate was 

15 decreased to 0.66°/min. until a temperature of 190°C was 
reached. The stirring rate was increased from 150 to 5 00 
rpm. Heating was continued at a rate of 2°/min. and 
reduced to 0.5°/min. only for the last 15°. 

The remaining acetic acid distilled from the flask and a 
2 0 total of about 2 equivalents were collected. The 
reaction mixture was held at a final temperature for 20 
to 60 minutes . The final temperature generally ranged 
from 300° to 340°C. At the end of the hold time, the 
heating source was lowered and stirring was continued at 
25 500 rpm until the temperature fell below 2 00°C (polymer 
has solidified) . The stirring rate was reduced to about 
100 rpm and the flask cooled to room temperature. 

The polymer was filtered from the liquid using a Buchner 
funnel with coarse filter paper. The powder was washed 
30 twice with toluene to remove the mineral oil, air dried, 
and then dried in an oven (100°C) . The powder was sieved 
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with 180 Atfii sieve. 

BYRMPTjE 2 



Film from powder as prepared in Example 1 was made by 
applying a pre weighed amount of the powder on a flat 
5 film surface, which was either a polyimide release film 
or a copper foil as indicated below, within an 18 inch by 
18 inch area. The powder was spread evenly within this 
area using the edge of a coarse wire screen. A second 
film (either release or copper film) was then 
10 superimposed over the powder to form a sandwich 
structure. The sandwich was then introduced between the 
belts of a double metal moving belt press. 

The belt speed was set at 2m/min. and the processing zone 
pressure was 30 bar. Temperature observations and zone 
15 lengths are shown below: 

Inlet Drum 218+/-1°C 

Heat Zone 1 270°C 30 cm in length 

Heat Zone 2 304 + /-l°C 30 cm in length 

Heat Zone 3 305-/-l°C 30 cm in length 

20 Heat Zone 4 306 + /-l"C 60 cm in length 

Cooling Zone 1 249 + /-13°C 30 cm in length 

Cooling zone 2 195 + /-2'C 30 cm in length 

Any variation in the process temperatures is the result 
of control limitations rather than deliberate changes in 
25 set point. 

rvjflpftp&TTVW AMPLE 3 

For comparative purposes, preformed sheets of extruded 
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film (raonoaxially oriented) prepared using VECTRA A 
polymer were also passed through the belt press under the 
conditions set forth above. These films were fed to the 
belt press with their extrusion direction parallel to the 
5 travel direction of the belts through the press. 



In the following Tables, • various types of film are 
evaluated for tensile, shrinkage, tear strength and 
coefficient of thermal expansion (CTE) . The construction 
of films referred to in the Tables was as follows: 



10 2 Mil Film - 

2X2 Mil Film - 

15 

Powder - 



Monoaxially orients 
treated in the 
described above. 

Two layer laminate 
treated in the 
described above. 

Film made from 
treated in the 
described above. 



d, extruded film 
belt press as 

of two Mil film 
belt press as 

polymer powder 
belt press as 



Single Sided 

20 Laminate - Film having a single sheet of copper 

foil laminated to one side. 

Double Sided 

Laminate - Film having two sheets of copper 

foil laminated to both sides. 

25 Extruded Film - 2 Mil, monoaxially oriented extruded 

film not subject to further heat 
treatment (control) . 
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The mechanical properties of the film were evaluated in 
accordance with the following test procedures. Testing 
for tensile strength, tensile modulus, and elongation was 
done according to ASTM DB62, the 190'C shrinkage test 

5 used method ASTM D1204, and the method used for tear 
strength was ASTM D1938. The coefficient of thermal 
Mansion testing was done using a Perkin Elmer Belta 
sfrfes TMA 7 Thermo-Mechanical Analyzer. Machine 
Direction and Transverse Direction measurements were made 

LO in the extension mode using samples approximately 2.5 mm 
x 12 mm in size. Thickness <z-Direction> measurements 
„ere made in the expansion mode using 6 mm diameter 
circular samples stacked to a total height of about 0^5 
to 1.5 mm. Dimensional Stability measurements were made 

15 according to IPC-TW-6S0 2.2.4, Method B (as etched, and 
Method C (baked) . 

v, nrooerties of the film samples are shown in 

Mechanxcal propertieo w . d . d 

Table 1 along with the properties of the 2 mil extruded 
f^m (control) . Tear strength results indicate that each 
20 o th Temples tended to tear preferentially in one 
direction, either the machine direction <MD) « 
transverse direction (TD) . The extruded control is quite 
^aTTnce* with most of the orientation in the machine 
direction. The heat treated films and the film produced 
25 from powder both exhibit more balanced properties, 
although each sample tends to have somewhat more 
or entation in one direction or the other. The direction 
^greater orientation exhibits higher mechanical 
roperties and lower CTE. ,ig. 1 compares the tensile 
30 modulus of the extruded film, heat treated filmland the 
film from powder. The heat treated and 
more balanced and have almost the same modulus values^ 
Fi g 2 is a similar graph showing tensile strength, which 
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is also more balanced for the heat treated and powder 
films. The tensile strength of the powder film as might 
be expected, is lower due to its lower level of 
orientation. CTE was measured on a number of additional 
5 film samples including films laminated with copper foil 
which was removed by etching prior to testing of the 
film. The results of these measurements are shown in 
Table 2. 

In most cases, the in-plane CTE of the powder film or 
10 laminate is more balanced than the equivalent product 
formed by feeding extruded film into the press. This CTE 
balance is demonstrated in Figure 3 for 2 mil films. 
There is also a significant difference in the Z-direction 
(thickness direction) CTE between powder and film based 
15 products. The Z-direction CTE is consistently lower for 
the powder based products in film, single sided laminate, 
or double sided laminate, in all thicknesses. Fig. 4 
shows the comparisons for 2 and 4 mil double sided 
laminate film. 
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Another important parameter in the manufacture of laiunate 
for printed circuit boards is dimensional stability. This 
is the change in dimension as the laminate is etched and 
subjected to an oven temperature at about 150*C. Table 3 
5 compares the dimensional stability of powder and film based 
2 and 4 mil double sided copper foil laminates produced m 
this test The powder based laminate is more balanced than, 
the film based product in each case for both 2 mil and 4 
mil thicknesses, and for "as etched" and "after bake" 
10 measurements . 

TABLE 3 - DIMENSIONAL STABILITY OF DOUBLE-SIDED LAMINATE 





| LAMINATE CONSTRUCTION 


DIMENSION*! STABILITY AS 
ETCHED (%) 

j© I£ - 


DIMENSIONAL STABILITY AFTER 
BAKZ m 


1 2 X 2 Mil Fila 


0.00 -0.22 


-0.04 -0.3B 




0.08 -0.46 


0.21 "0.72 




-0.27 -0.47 


-0.40 -0.80 




-0.31 -0- 40 


-0.47 -0.63 
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2 0 Figure 5 demonstrates the improved balance for the 2 mil 
laminate prepared from powder as measured after bake. 
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CLAIMS 

What is claimed is: 

1. A process for producing a continuous liquid 
crystal polymer film material having a balanced dimensional 
stability comprising: 

(a) uniformly spreading a layer of powder particles 
of said polymer on a flat surface, said 
particles having an average particle size in the 
range of about 0.5 to about 250 microns; 

(b) superimposing a second flat surface over said 
uniformly spread particles to form a sandwich 
structure; 

(c) subjecting said sandwich structure to uniform 
heat and pressure sufficient to form a nematic 
melt phase of said polymer, and 

(d) cooling said structure to form a liquid 
crystalline film. 

2 . The process of claim 1 wherein said particles 
have an average particle size in the range of about 0.5 to 
5 microns . 

3 . The process of claim 1 wherein said liquid 
crystal polymer is a polyester or a polyester-amide 
polymer. 

4. The process of claim 3 wherein said polyester or 
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polyester- amide polymer has a melting point of from about 
250° to 375'C. 

5 The process of claim 4 therein said polymer is 
selected from the group consisting of, a polyester 
comprising monomer units derived from 4-hydroxybenzorc acid 
aT 6 -hydr°*y- 2 -naphthoic acid; a polyester-amide 
comprising monomer units derived from 6 -hydroxy-2-naphthoic 
acT erephthalic acid, and acetaminophen, and a polyester 
comprising monomer units derived from 4-hydroxybenzoxc 
acid terephthalic acid and 4 , 4 • -biphenyl and matures 
thereof . 

6 The process of claim 1 wherein said heating 
temperature is in the range of from about 25'C below the 
mating point of said polymer to about SO'C above s al d 
melting point. 

7 The process of claim 6 wherein said heating 

-in t-ho ranae of from about the melting point 
remnerature is xn the range ui. 

temper a u me lting point of said 

up to about 15 to 

polymer . 

8 The process of claim 1 wherein each of said flat 
surfaces are release layers adapted to be peeled away from 
said liquid crystalline film after coolxng of said film. 

9 The process of claim 1 wherein at least one or 
both of said flat surfaces is a conductive metal sheet 
having a thickness of from about 0. 2 5 to 6 mils, which 
sheet adheres to the surface of said liquid crystalline 
film after cooling of said liquid crystalline film. 
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10. The process of claim 9 wherein said metal sheet 
is a copper film. 

11. The process of claim 1 wherein said liquid 
crystalline film has a thickness of from about 0.25 to 10 
mils . 

12 . The process of claim 11 wherein said liquid 
crystalline film a thickness of from about 1 to 5 mils. 

13 . The process of claim 1 wherein said sandwich 
structure is placed between a pair of moving metal belts 
and continuously advanced between said belts under heat and 
pressure. 

14. The process of claim 13 wherein the pressure 
between said moving belts is in the range of about 50 to 
600 psi. 

15 . A liquid crystal film material prepared by the 
process of claim 1. 

16. The film of claim 15 having a sheet of conductive 
metal adhered to one or both surfaces of said film. 

17. The film of claim 16 wherein said conductive 
metal is^copper. 

18. A microelectronic circuit board comprising a 
laminate of one or more dielectric circuit layers 
comprising the film of claim 15 , 
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